IN THE era before cardiac surgery, bacterial endocarditis generally involved endocardial or endothelial structures rendered abnormal by disease or congenital variation, although occasionally it arose on normal structures and pursued a more virulent course. Surgery on the interior of the heart produces a type of acute endocardial injury, both in normal portions of the endocardium and in the area of chronic disease to which the surgery is directed. It should, therefore, not be surprising to find instances of infection of the endocardium after cardiac operations. However, with the advance of cardiac surgery, the occurrence of bacterial endocarditis has not been frequently reported.
Nevertheless, it has been a tragic, if uncommon, event in a large series of surgical cases. It was, therefore, considered worthwhile to review our experience with bacterial endocarditis following such surgery, and to compare these cases with the much larger group undergoing similar operations in the last 5 years, but without this complication. According to White's estimate,' before the application of surgery to heart disease, subacute bacterial endocarditis made up 1 to 2 per cent of all types of cardiac disease. The incidence was noted to be quite high in the age group 20 to 30,2 3, 7 and rheumatic valvular disease was stressed as the background for the development of bacterial endocarditis.2 17 While pure mitral stenosis is rather rarely the underFrom the Hahnemann Medical College and Hospital and the Bailey Thoracic Clinic, Philadelphia, Pa. 525 lying lesion,4 a combination of mitral stenosis and insufficiency is quite frequent. In the series of 408 cases of Gates and Christie,3 the mitral valve alone was affected in 169 cases, the aortic valve solely in 49 instances, both aortic and mitral valves in 145 cases, while in 45 congenital heart disease was the basic lesion. The occurrence of tricuspid or pulmonary valve infection is rare.5 When the right side of the heart is affected, it is almost always in association with a left-sided endocarditis or with a congenital abnormality. ' 7 In the era prior to cardiac surgery, the importance of the Streptococcus viridans was evident. Christian2 reported 150 cases due to this organism, 4 to Staphylococcus albus, 2 to unidentified staphylococci, and 1 to a pleomorphic bacillus. Morrison5 and Middleton and Burke7 gave similar, if not quite so overwhelming figures.
With the advent of cardiac surgery, reports of bacterial endocarditis have appeared, first in patients with congenital defects, later in patients operated upon for acquired valvular heart disease. In a report of 1,000 patients operated upon for the tetralogy of Fallot, by systemic-pulmonic anastomosis, Taussig and associates,8 stated that 17 of 844 who survived surgery developed bacterial endocarditis after surgery, and that 4 died of this complication. The onset of infection in 11 patients was soon after surgery; in 6 others, more than 2 months afterwards. They assumed that the infection occurred at the site of anastomosis, but autopsy was performed in only 2 late cases, and the infection was not proved in 1. In the other case, nothing was stated about the site of the infection. They implied that the higher incidence in the early postoperative period was due to infection at the line of suture before it had healed, but stated that the risk of illness after 2 months was no greater than in unoperated patients. Two 1955, were reviewed. Of 1,889 cases, 1,159 were pure mitral stenosis, 155 pure aortic stenosis, 142 major mitral regurgitation, 33 major aortic regurgitation, and 119 combinations of aortic and mitral stenosis. The remaining 281 were varying combinations of stenosis and regurgitation at 1 or more valves. In addition, 374 cases of congenital heart disease were operated upon. The usual clinical and bacteriologic criteria for bacterial endocarditis were fulfilled by all cases included in this report, except 1 discovered at autopsy. The interval between surgery and the onset of infection was considered to be the time elapsed between the date of operation and the onset of the fever during which positive blood cultures were obtained.
RESULTS
The pertinent clinical and bacteriologic findings are summarized in table 1 . Altogether, 20 cases of bacterial endocarditis occurred prior to November 1955. The aortic valve was the one most frequently the site of prior disease in the patients who developed this infection.
Calcification was commonly present in the whole group, especially in the aortic valves. The operative procedures performed were mostly those designed to correct the aortic valvular lesion, either stenosis or regurgitation or both. The cases were about evenly divided, as to the postsurgical interval before the clinical appearance of the endocarditis, among an early period (less than 10 days), an intermediate period (10 days to 3 months), and a late period (3 to 10 months). The most important infecting organism was the staphylococcus, generally the coagulase-negative variety.
Information about the sensitivity of the organism to antibiotics was available in 15 of the 20 cases ( treated with a considerable variety of antibiotics. Table 3 also shows the over-all mortality in relation to the infecting organism. It is not always possible to be sure that any given patient died as the result of his infection. One patient (case 7), who was free of fever for nearly 18 months and died of heart failure, might be included in the recovered category, particularly since it is believed that he could well have died of heart failure at this time even if he had never had bacteremia. One patient (case 19), who appeared clinically cured when last seen and who died 6 months later of an unknown cause, is listed under those dead of the disease. One of those listed as dead (case 13) was reported at autopsy in another hospital to have miliary tuberculosis, with tubercle bacilli and staphylococci clustered together on the strip of pericardium used to suture the mitral valve; it is doubtful that she died of bacterial endocarditis as such. A fourth patient (case 3) appeared to recover, but had a febrile relapse 2 months after the end of therapy to the time of his death. He succumbed while undergoing surgery for an infected retroperitoneal hematoma, diagnosed clinically as a mycotic aneurysm of the left iliac artery. In general, it is apparent that the mortality rate is high for the coagulase-negative staphylococci, less so for the other organisms.
Five of these patients came to autopsy at our institution. The aortic valve was the only site of the endocarditis in 3 cases (2, 5, and 18) and the mitral valve in 1 case (13) . Both the aortic and tricuspid valves were involved in case 20. The cardiac rhythm at the time the infection appeared was normal in 16 cases and atrial fibrillation in 4. This incidence is undoubtedly partly the result of the preponderance of aortic lesions in this group of 20 cases. It may also be a reflection of the old dictum that bacterial endocarditis is uncommon in atrial fibrillation.
DIscUSSION
The well-known tendency of bacterial endocarditis to seek out the aortic valve in nonsurgical cases is also manifest in the surgical group here reported. Thus, of the 150 cases of pure or major aortic stenosis, 6 developed this disease. Even more striking is the incidence in surgically treated cases of aortic regurgitation, 4 of 33 developing infection. This incidence may be related to the use of foreign material (especially Nylon) at operation. On the other hand, of 1,159 cases of pure mitral stenosis, only 4 are known to have become infected after surgery. There is an intermediate incidence of the disease in the other 2 large groups that came to surgery, 3 in 400 cases of combined aortic and mitral stenosis or varying combinations of such stenosis with minor regurgitation, and 2 in 142 cases of major mitral regurgitation.
It cannot be stated that these results represent a higher incidence of this disease than could be expected if surgery had not been performed. One would have to know what the expected occurrence of the disease would be in a 3-month or 6-month period of the life of a group of similar patients (similar in age, sex, location and degree of valvular disease) not undergoing cardiac surgery, or even a group of similar patients undergoing some other form of surgery. Such data are not at hand. The only information now available is from autopsy material that tells us the rate of occurrence in the lifetime of a group of patients, now dead, not in an isolated 3 to 6-month segment of that lifetime, as we learn from our surgical material.
It should be remarked that the incidence of bacterial endocarditis is relatively low in cases of atrial septal defect, and yet we have seen 1 case in 82 operated patients.
Perhaps the influence of calcific masses in the valvular structure is similar in some ways to the influence of foreign material on the course of the disease. Such areas of calcification are largely avascular, and at times the calcium erodes through the endocardial surface of the valve, producing a rough surface on which it is possible for a fibrin nidus to form and for bacteria to grow. This development may be a factor in the greater incidence of the disease at the aortic valve, where calcification is greater in frequency and amount than at the mitral valve.
The onset of the infection occurred fairly quickly in one third of the cases, moderately quickly in one-third, and slowly in another one-third. Yet, the possible causal relationship to surgery cannot be denied even in the last group, except perhaps in 2 cases that appeared 712 months and 10 months after surgery.
There can be no arbitrary time limit beyond which the disease can be said to be unrelated to surgery. Rather, one can say only that the longer the interval between surgery and clinical evidence of infection, the less likely is there a causal relationship. The insidious onset of the disease makes any other conclusion subject to considerable error.
The etiologic agent was not the usual streptococcus viridans, but rather the staphylococcus, most frequently coagulase-negative. Certainly the clinical picture was not characteristic of bacterial endocarditis of a subacute nature, since petechiae were never seen, nor was clubbing of the fingers, Osler's nodes, or a caf6-au-lait color. A palpable spleen was most uncommon. All in all, one is forced to conclude that these infections differ from the commonly accepted pattern of subacute bacterial endocarditis in nonsurgical cases. Embolism was seen in only 1 case.
In 1 case with a staphylococcus cultured at autopsy, tubercle bacilli were observed on the strip of pericardium used to obstruct the mitral valve orifice. In addition, there were healed vegetations on this same tissue, presumably due to another organism. Finally, there was generalized miliary tuberculosis of the lung, pericardium, liver, spleen, kidney, and periaortic nodes, suggesting the possibility of tuberculous endocarditis.
In accordance with recent experience, we have observed penicillin resistance in some staphylococci. Eight of 12 organisms were distinctly resistant to this antibiotic, and also to streptomycin and oxytetracycline (Terramycin). In a general way these organisms were found somewhat sensitive to Chloromycetin and erythromycin. Sensitivity studies on streptococci are too meager to permit any conclusions. Most patients received large doses of antibiotics prior to and in the 10-day period after surgery. This antibiotic program always included penicillin, so that one could expect to grow in mouth, bowel, bladder, and bloodstream only those organisms that were able to survive such therapy and become established. If this theory is correct, the need for a "light hand" in the handling of antibiotics is emphasized for this group of patients. Consistent with this thought is the observation of a number of patients with pseudomonas bacteremia after surgery. This organism may be one of a group that would be released for growth when its potential antagonists had been abolished by vigorous antibiotic therapy.
If care not to use too much is important in prophylaxis against the development of resistance, care to use enough or more than enough, is important in the management of the case with a positive blood culture. Initially we thought it wiser to begin therapy with the first report of a positive culture, rather than to wait for sensitivity tests. For this reason, with the staphylococci we used very large doses of penicillin intravenously (5,000,000 to 30,000,000 units daily) and streptomycin intramuscularly. When the sensitivity tests became available, other antibiotics were added if there had been no clinical response.
At present only 8 of the 20 patients are alive. One of those dead recovered from his infection, but died of congestive heart failure 18 months later (case 7). One apparently recovered, but died of a relapse 6 months later, during surgery for a mycotic femoral aneurysm, the aneurysm probably resulting from an infected embolus (case 3). Another died of undetermined cause 6 months after completing therapy of her infection (case 19). In 1 case the patient had been afebrile for 48 hours, and died of heart failure, with evidence over some days of an increasingly dynamic aortic regurgitation (case 5). Finally, 2 cases can hardly be said to have been treated, since the diagnosis was not made until the last few days of life (cases 12 Aortic commissurotomy was the most frequently performed operation. In 4 cases a nylon foreign-body was introduced above the aortic valve to try to correct aortic insufficiency. Eight cases had a mitral commissurotomy, but 3 of these were in association with aortic surgery.
About one third of the cases occurred early (within 10 days after surgery), one-third late (more than 3 months after surgery), and the remaining one-third were in the intermediate group. The most common infecting organism (14 cases) was the staphylococcus, the coagulase-negative variety far more frequently than any other. These organisms were generally quite resistant to penicillin, both in the bacteriologic laboratory and clinically. With a variety of therapy, which was generally fairly massive, 8 patients are living and well. Of the 12 dead, 6 must be considered true failures of treatment of the infection. Clinically and bacteriologically, bacterial endocarditis occurring after cardiac surgery seems to be a more malignant lesion than the common subacute variety seen in nonsurgical cases. This increased severity is probably a reflection of the trauma to the valve, the nature of the organism causing the infection, and the severe stress to which the patient has been subjected. 
